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ABSTRACT

INTRODUCTION  Falls are complex incidents caused by a combination of intrinsic impairments and disa-
bilities with or without accompanying environmental hazards.

0BJECTIVES The aim of the study was to assess the relationship between respiratory tract infections
(RTls) and the incidence of falls, and to further link the history of falls to functional status in nursing
homes residents.

PATIENTS AND METHODS  The study involved 255 residents at 3 nursing homes aged 65 years and older.
Falls and RTls were registered during 1 year, and, afterwards, a comprehensive geriatric assessment
was performed in each subject.

RESULTS Falls occurred in 104 subjects, and 17 falls resulted in a fracture. The waist-to-hip ratio
(WHR) was lower among subjects with fractures compared with those without fractures. Subjects with
a fracture in history had a significantly worse functional status in terms both of basic and instrumental
daily activities. Nursing home residents with a history of falls more often suffered from infections than
those without such history (1.563 £1.31 vs. 1.03 +1.17, respectively, P <0.001). Similarly, subjects with
a history of fractures more often suffered from infections than those without such history (1.82 +1.07 vs.
1.19 £1.26; P = 0.012). After adjustment for other covariates in a multivariate model, RTls remained
an independent predictor of falls and fractures.

concLusions The risk of falls and fractures in nursing home residents is associated with the occurrence
of RTls. A low WHR is a risk factor for falls with fractures. Older subjects with a history of fracture are
characterized by a worse functional status. Preventing infections may probably reduce the number of
falls and fractures in older nursing homes residents.

INTRODUCTION A fallis defined as “unintention-
ally coming to the ground or some lower level and
other than as a consequence of sustaining violent
blow, loss of consciousness, sudden onset of pa-
ralysis as in stroke or an epileptic seizure”."? Falls
are the main cause of mortality, morbidity, dis-
ability, reduced functioning, and premature nurs-
ing home admissions in elderly patients.®* Old-
er people in nursing homes fall more often than
those who live in the community.®*® One in every
3 older community-dwelling adults and at least
half of the nursing home residents aged 65 years
and older have a history of at least 1 fall each year.
Half of them fall more than once a year.*% Around

5% of the falls are followed by a fracture and 20%
of the falls require medical intervention.

In addition to physical injuries and death, falls
can produce other serious consequences; for ex-
ample, falls are a common reason for the admis-
sion of previously fit older subjects to long-term
care institutions.’ Another common result of falls
is a condition associated with the fear of falling
called post-fall anxiety syndrome.” It leads to
functional decline, poor quality of life, and social
isolation. It increases the risk of falling, and, as
a consequence, it leads to a significant reduction
in physical activity and a further deterioration
of overall health as a result of inactivity.? Severe
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injurious falls in the elderly significantly affect
healthcare costs.? Between 0.85% and 1.5% of to-
tal healthcare expenditure is spent on the medi-
cal repercussions of falls."

Falls are complex incidents caused by a com-
bination of intrinsic impairments and disabili-
ties with or without accompanying environmen-
tal hazards.® The functional status of the elder-
ly may be affected by a history of infections. Re-
spiratory tract infections (RTIs) are a common
cause of death and may lead to the deteriora-
tion of overall health." Similarly to falls, infec-
tious diseases lead to increased rates of hospi-
talization, morbidity and mortality in the elder-
ly, especially among people older than 85 years
of age.”” Owing to the physiological changes as-
sociated with aging, the presence of coexisting
diseases, and the environment in which they re-
side, nursing home residents are more suscepti-
ble to infections."

It has been widely accepted in geriatric literature
that a fall may be the first indicator of numerous
acute problems, such as infection.® Nevertheless,
there are a paucity of data in the available litera-
ture directly examining the association between in-
fections and falls. Therefore, the aim of the pres-
ent study was to assess the relationship between
RTIs and the incidence of falls and to further link
the history of falls to a functional status in nurs-
ing home residents. We hypothesized that infec-
tions may significantly increase the risk of falling
among older institutionalized subjects.

PATIENTS AND METHODS Patients The study
was conducted from May 2008 to March 2011 and
involved residents aged 65 years and older of
3 nursing homes. The inclusion criteria were age,
ability to participate in physical function (balance
and gait) tests, verbal communication efficiency,
and patient’s consent. Of all nursing home res-
idents, fewer than 40% were able to participate
in the study (residents with severe dementia or
who were bed-ridden were excluded).

A total of 255 nursing home residents who met
the inclusion criteria (213 women and 42 men;
age, 65 to 99 years; mean age, 79.1 +7.3 years)
participated in the study. Participants had been
diagnosed with the following concomitant dis-
eases: arterial hypertension (n = 198), chronic
heart failure (n = 188), ischemic heart disease (n
=153), history of myocardial infarction (n = 36),
history of stroke (n = 62), diabetes (n = 56), os-
teoarthritis (n = 145), eye diseases (n = 94), os-
teoporosis (n = 96), urinary incontinence (n =
146), fecal incontinence (n = 88), hypercholes-
terolemia (n = 77), depression (n = 63), chronic
obstructive pulmonary disease (n = 63), gastro-
intestinal diseases (n = 55), and cancer (n = 26).
Moreover, 116 patients (45.5%) were vaccinat-
ed for influenza during the last year. Thirty-two
subjects (12.6%) were current smokers. Clinical
data were confirmed with medical records ob-
tained from nursing homes and family physi-
cians. The study was approved by the Bioethics

Committee of the Medical University of £.6dZ and
written informed consent was obtained from all
subjects.

Methods Each subject underwent a multidimen-
sional assessment, which included demograph-
ic and social parameters, health status, physi-
cal function, and mental status. Falls and infec-
tions had been recorded over the period of 1 year
before the clinical and functional examinations.
The number of falls and the number of falls with
fractures were recorded. An episode of infection
was diagnosed when cold symptoms (runny stuffy
nose, sore throat, coughing, sneezing, colored dis-
charge), flu symptoms (fever, headache, general
aches and pains, fatigue and weakness, chest dis-
comfort, cough), or pneumonia were reported for
more than 2 days and were separated by at least
1 day from the previous episode.'*

The nutritional and functional status of re-
spondents was evaluated by measurements and
scales included in the comprehensive geriatric
assessment. The nutritional state was assessed
by the body mass index (BMI), waist-to-hip
ratio (WHR), calf circumference, as well as
the Mini Nutritional Assessment questionnaire
(MNA).">16 The MNA questionnaire contains
18 questions relating to the essential elements of
the nutritional state, such as food intake, loss of
body weight, the ability to move around indepen-
dently, the occurrence of acute disease or stress,
neurological problems, BMI, number of medi-
cations, and assessment of the arm and calf cir-
cumferences. The subject could score from 0 and
3 points for each question. The total number of
points in the MNA questionnaire is 30."

Physical functioning was assessed with the Ac-
tivities of Daily Living (ADL) scale, Instrumental
Activities of Daily Living (IADL) scale, and Timed
Up and Go (TUG) test. The ADL scale consists of
6 questions, which are used to assess the ability to
do basic activities such as bathing, use of the toi-
let, dressing, eating, and mobility.' The IADL scale
is used to assess the complex activities of daily
living." It has 8 components: using the phone,
shopping, cooking, cleaning, washing, using the
means of transport, using medication, and using
money." The TUG test evaluates gait and balance.
The patient is asked to rise from a chair, walk 3 me-
ters, turn around, walk back to the chair, and sit
down in the starting position. A score above 14 sec-
onds indicates an increased risk of falling. Peo-
ple without disabilities complete the test in about
10 seconds.? Participants were classified either to
a group of nondisabled people (if the test time did
not exceed 14 seconds) or a group of disabled peo-
ple (if the test time was longer than 14 seconds
or the subject was not able to complete the test).

Cognitive functions were evaluated using
the mini-mental state examination (MMSE)?' and
the 15-item geriatric depression (GDS) scale.??
The MMSE consists of 20 items and scores from
0 to 30 points, where the higher scores indicate
better cognitive functioning. The questions are
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TABLE 1 Comparison of the group with at least 1 fall with the group without falls during 1 year
Fallers Nonfallers 2
(n = 104) (n = 151)

age, y 80.1 =7.16 78.4 =7.41 0.069
women, % 85.6 82.1 0.46
BMI, kg/m? 25.4 £5.55 26.3 £17.51 0.34
WHR 0.84 +0.13 0.85 +=0.12 0.29
calf circumference, cm 32.0 =4.54 32.8 £4.52 0.12
MNA 10.1 =2.28 10.6+2.38 0.075
ADL 3.50 +2.00 3,79 +2.17 0.053
IADL 1.75 +1.90 2.15 +2.14 0.18
percentage of nondisabled people according to TUG, % 13.5 21.9 0.12
MMSE 21.6 £6.02 21.9 £5.36 0.85
GDS 7.28 =2.95 7.53 £3.46 0.63
number of infections / year 1.53 +1.31 1.03 =1.17 0.00025

Data are presented as mean =+ standard deviation.

Abbreviations: ADL — Activities of Daily Living, BMI — body mass index, GDS — Geriatric Depression Scale, IADL — Instrumental Activities of Daily
Living, MNA — Mini-Nutritional Assessment, MMSE — Mini Mental State Examination, TUG — Timed Up and Go test, WHR — waist-to-hip ratio

grouped into 7 categories, each representing a dif-
ferent cognitive domain or function. The GDS
contains 15 questions characterizing a person’s
depressive status.
Statistical analysis Data were assessed for nor-
mality of distribution and equality of variances.
The one-way analysis of variance, Mann-Whitney
test, and ¥? test (3 x 2 and 2 x 2 with Yates’ correc-
tion) were used to compare the groups. A multi-
ple logistic regression was used to verify whether
RTIs were independent predictors of fall and frac-
ture incidence in nursing home residents. Odds
ratios (OR) and confidence intervals (CI) with
95% confidence limits were calculated. The values
for number of infections per year were normal-
ized using a log transformation for the purpose
of multivariate statistical analyses. A statistical
analysis was performed using the statistical pro-
gram, Statistica 10th CSS. The results of the quan-
titative variables are presented as means + stan-
dard deviation. The level of significance was set
at a P-value of 0.05 for all analyses.

RESULTS A comparison of the group with at least
1 fall with the group without falls during 1 year
is presented in TABLE 1. A total of 104 subjects of
the 255 surveyed had a history of at least 1 fall
during 1 year. The falls occurred with a similar fre-
quency in men (36%) and women (42%). There was
a tendency which indicated a relationship between
an increased risk of falling and the age of the re-
spondents, as well as between the occurrence of
a fall during the last year and a worse nutrition-
al status as measured by the MNA questionnaire
and a worse functional status according to the ADL
scale. The values of BMI, WHR, IADL, calf circum-
ference, MMSE, and GDS did not differ signifi-
cantly between the 2 groups. A significant corre-
lation was observed between the number of infec-
tions and the occurrence of falls: nursing home
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residents with a history of a fall suffered from
more infections than those without such history.
Among 104 subjects with a history of falls, 81 se-
niors (77.9% of the group with a fall) suffered from
atleast 1 infection during 1 year. Infections were re-
ported in 88 of 151 nonfallers, representing 58.3%
of the group without any history of a fall (TBLE 1).

A comparison of the group with at least 1 fall
and a fracture with the group with no frac-
ture during 1 year is presented in TABLE 2. Of
the 104 nursing home residents who had fallen
in the last year, 17 had experienced a fall-related
fracture. These subjects were characterized by
alower WHR and had a tendency towards a low-
er BMI and a worse nutritional state according
to the MNA scale as compared with the group
without a fracture. A group of seniors with a his-
tory of a fall with a fracture had lower scores in
the ADL and IADL tests. A tendency towards
a worse functional status was also noted with
the TUG test: among 17 people who had suffered
a fracture, no one was classified as “mobile” ac-
cording to the TUG test. A significant correla-
tion was observed between the number of infec-
tions and the incidence of fractures. Of 17 sub-
jects who suffered fall-related fractures, 15 had
at least 1 infection (88.2% of this group), while
among 238 people who did not suffer a fracture,
154 (64.7%) had an infection (TABLE 2).

In the logistic regression model, the effect of
all independent variables on a dependent vari-
able, namely, the incidence of falls and fractures,
was analyzed simultaneously. Independent vari-
ables included age, sex, concomitant diseases, cur-
rent smoking, infection incidence, influenza vac-
cination, anthropometric data (BMI, WHR), nu-
tritional status (calf circumference, MNA), and
physical (ADL, IADL, TUG) and mental (MMSE,
GDS) functioning.

The number of infections per year was the only
independent predictor of fall incidence (OR,
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TABLE 2 Comparison of the group with at least 1 fall and a fracture with the group with no fracture for 1 year

Fracture No fracture 2
(n=17) (n = 238)
age, y 78.9 +5.89 79.1 £7.44 0.95
women, % 94.1 82.8 0.17
BMI, kg/m? 23.4 £4.20 26.1 =6.88 0.067
WHR 0.81 +0.11 0.85 +0.12 0.04
calf circumference, cm 31.7 =4.10 32,5 £4.57 0.44
MNA 9.65 =2.03 10.5 +2.36 0.09
ADL 2.76 =2.21 3.74 +2.08 0.045
IADL 0.94 =1.30 2.06 +=2.08 0.027
percentage of nondisabled people according to TUG, % 0.0 19.8 0.09
MMSE 20.7 +6.48 21.8 £5.57 0.54
GDS 7.35 =2.96 7.43 £3.28 0.86
number of infections / year 1.82 +1.07 1.19 +1.26 0.012

Data are presented as mean =+ standard deviation.

Abbreviations: see TABLE 1
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1.40; 95% CI, 1.12-1.74; P = 0.0003). Similarly,
the number of infections per year was the only
independent predictor of falls with related frac-
tures (OR, 1.36; 95% CI, 1.00-1.87; P = 0.018).

DISCUSSION  Therisk of falling is associated with
various factors, including internal (dependent
on the patient), external (dependent on the en-
vironment), or behavioral factors (dependent on
the type of activity undertaken).?®?* Clinical expe-
rience and the results of previous studies showed
that multidirectional fall prevention strategies are
the most effective among the elderly. They can re-
duce the number of falls by 20% to 45%.° There-
fore, identification of risk factors can help develop
more effective intervention programs. The most
important conclusion of the present study is that
there is a significant relationship between the his-
tory of RTIs and the risk of falling in older nursing
home residents. Our results showed that infec-
tions accompany the falls of almost 78% of the se-
niors with a history of falling. Furthermore, it has
been shown that infections are strongly associat-
ed with the occurrence of fractures: the presence
of at least 1 infection affects as many as 88% of
the subjects with a history of fracture. After ad-
justment for other covariates in the multivariate
model, RTI remains an independent predictor of
incidence both of falls and falls with a fracture.
The population of elderly patients living in
nursing homes is more susceptible to infec-
tions owing to physiological changes associated
with age (reduced immunity and ciliary trans-
port, cough reflex, weaker ventilation), coexisting
chronic diseases, and the characteristics of the en-
vironment in which they live.'32% Every acute dis-
ease increases the risk of falling through the de-
terioration of the general condition and mobil-
ity of the patient. In addition, a fall among el-
derly people, as a nonspecific symptom, may be
the first manifestation of acute illness or exac-
erbation of a chronic disease.??%% Surprisingly,

although infections have been widely considered
as risk factors of falls, direct evidence on this re-
lationship has been scarce. There has been only
one available study that reported a relationship
between urinary tract infections and fall inci-
dence in the nursing home setting.?’

Early identification of older people with RTIs as
being those with a high risk of falling will enable
preventive action to be taken at the right time.
Such strong associations obtained in the the cur-
rent study emphasize the importance of infec-
tions as a factor contributing to an increased risk
of falling and point to the need for programs of
fall prevention, for instance, vaccination against
influenza. Long-term studies have confirmed that
there is a significant association between vac-
cinations and a reduced risk of hospitalization
due to influenza, pneumonia (about 27%), and
death (about 48%) of older community-dwelling
adults.?® Meanwhile, in Poland, despite the recom-
mendation to older people over 70 years of age
to take advantage of vaccination programs, espe-
cially those who are nursing home residents, only
alittle more than a quarter of the surveyed popu-
lation have ever been vaccinated in their lifetime,
and only half of them were vaccinated last year.?

The majority of the available studies demon-
strated that the risk of falling and of related inju-
ries increases with age.® In our study, a trend to-
wards a significant relationship between age and
the risk of falling was observed. As a rule, wom-
en fall more frequently, which is due to the fact
that age-related limitation of physical activity is
greater among women than among men, possi-
bly because of greater (age-related) fear of fall-
ing.823 A fear of falling is reported by 70% of
those who have fallen, and, in turn, it limits dai-
ly activities and further increases the risk of fall-
ing.” The effect of chronic diseases and deteriora-
tion of physiological indicators, such as a greater
and more rapid rate of decline in lean body mass,
may differ between men and women.?* Women
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are more likely than men to experience nonfatal
falls, but men are more likely to experience fatal
falls.30 Half of the nursing home residents fall
at least once a year, and from 3% to 6% of the falls
are followed by a fracture.53'-%% In our study, 41%
of the respondents experienced at least 1 fall dur-
ing 1 year, but more than 16% of the falls result-
ed in fractures. Perhaps this large percentage is
due to the large proportion of women in the study
group (more than 80%). Moreover, it cannot be
excluded that not all falls, especially those which
are not accompanied by a fracture, were recorded.

Malnutrition is a common problem in the older
population. It causes deterioration of functioning,
increased bone and muscle loss, and increased risk
of falling.' In our study, a general relationship be-
tween nutritional status and fall or fracture inci-
dence has been observed. The role of the greater
accumulation of fat in reducing the risk of frac-
tures (particularly femoral neck fractures) is ex-
plained by 3 mechanisms: greater support of the
bone, the shock-absorbing function of the soft tis-
sues during the fall, and an increased ability to
produce endogenous estrogen.?* The elderly pop-
ulation is not recommended to lower their BMI
below 25 kg/m? (the upper limit of the normal
range according to the World Health Organiza-
tion), not only because of the lower risk of some
fractures but also because of the increased sur-
vival of people who are within overweight BMI
range (25-30 kg/m?).%®

The accumulation of physical and mental def-
icits that occur among older people may reduce
the ability to perform daily routine activities and
increase the likelihood of a fall. According to Chu
et al.,% fallers experience a greater decrease in
the score for basic activities of daily living and
complex activities of daily living. In a Finnish co-
hort study with an 8-year follow-up, fractures as-
sociated with falls were found to be an indepen-
dent factor associated with functional decline
in the elderly.¥’ An inverse relationship has also
been observed: functional deficits, as an inde-
pendent factor, increase the risk of falls and frac-
tures.3® Also, in the present study, we observed
a number of associations between physical func-
tioning (ADL, IADL, TUG) and a history of fall-
ing and fractures.

Both restricted mobility and a history of fall-
ing (and to a greater extent, a history of fall and
fracture) lead to functional decline and fewer so-
cial contacts that provide the so called positive
support.” This may affect a further deepening of
functional deficits but also lead to depression or
deepen its symptoms. Chu et al.3® suggested that
low activities of daily living and depression are 2
significant risk factors of first and recurrent falls.
Some studies showed that mental dysfunction,
such as depression or cognitive impairment, may
double the risk of falling.®® In our study, howev-
er, older people with a history of falling had no
worse cognitive performance or symptoms of de-
pression than those without such history.

ORIGINAL ARTICLE

Several limitations of the present study should
be acknowledged. Usually, subjects with relative-
ly good physical and cognitive functional status
are able to participate in such studies, and espe-
cially to undergo functional tests. In the present
study, only about 40% of all nursing home resi-
dents were able to participate. The frequency of
falls is usually prone to underreporting, and it
cannot be excluded that this was also the case in
the present survey. Finally, the study focused on
the association between RTIs and fall incidence,
but other infections (e.g., of the urinary tract)
may also contribute to this relationship.

We conclude that the risk of falling and frac-
ture in nursing home residents is associated with
the occurrence of RTIs. Alow WHR is a risk factor
for falls with fractures. Older subjects who expe-
rienced a fall with a fracture are characterized by
aworse functional status. Preventing infections
may probably reduce the number of falls and frac-
tures in older residents of the nursing homes.
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STRESZCZENIE

WPROWADZENIE  Upadki to ztozone zdarzenia spowodowane przez wspélnie wystepujgce wewnetrzne
zaburzenia i niepetnosprawnosci ze wspotistniejgcymi czynnikami srodowiskowymi lub bez nich.

cELE Celem badania byta ocena zwigzku pomiedzy zakazeniami drég oddechowych (respiratory tract
infections — RTI) oraz wystepowaniem upadkéw, a takze zalezno$ci miedzy upadkami a stanem funkcjo-
nalnym w$rdd pensjonariuszy doméw opieki.

PACJENCI I METODY Badaniem objeto 255 pensjonariuszy trzech doméw opieki w wieku =65 lat. Upadki
i RTl rejestrowano przez 1 rok, po ktérym u kazdego badanego wykonano cato$ciowa oceng geriatryczna.
WyYNIKI U 104 badanych miat miejsce upadek, przy czym u 17 z nich doszto réwniez do ztamania. W$réd
badanych, u ktérych wystapito ztamanie stosunek talii do bioder (waist-to-hip ratio — WHR) byt mniejszy
w poréwnaniu z pensjonariuszami, u ktérych nie doszto do ztamania. Osoby ze ztamaniem w wywiadzie
charakteryzowaly sie istotnie gorszym stanem czynno$ciowym w zakresie zaréwno podstawowych jak
i ztozonych czynno$ci dnia codziennego. U pensjonariuszy doméw opieki z upadkiem w wywiadzie zano-
towano wigcej infekcji niz u tych, u ktérych upadek nie wystapit (odpowiednio: 1,53 =1,31i1,03 +1,17;
p <0,001). Podobnie, badani ze ztamaniem w wywiadzie przebyli wigksza liczbe infekcji w poréwnaniu
z pensjonariuszami bez ztamania (odpowiednio: 1,82 +1,07i 1,19 =1,26; p = 0,012). Po uwzglednieniu
innych zmiennych w wieloczynnikowym modelu, RTI pozostaty niezaleznym predyktorem wystepowania
upadkdw i ztaman.

Wn10sKl  Ryzyko upadku i ztamania u pensjonariuszy doméw opieki jest zwigzane z wystepowaniem
RTI. Mata warto$c WHR stanowi czynnik ryzyka upadkéw ze ztamaniem. Starsi pensjonariusze ze ztama-
niem w wywiadzie charakteryzujg sie gorsza sprawnos$cia funkcjonalng. Zapobieganie infekcjom moze
zmniejszy¢ liczbe upadkdw i ztaman wsrdd starszych pensjonariuszy domoéw opieki.
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